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(54) [Title of the Invention] BIAXI ALLY ORIENTED ALIPHATIC 
POLYESTER-BASED FILM AND METHOD OF MANUFACTURING THE 
SAME 

(57) [Abstract] 

[Object] To provide an aliphatic polyester-based film 
having excellent slipperiness , suppressed from meandering of 
the film and occurrence of wrinkles, maintained in firmness, 
mechanical strength, low heat shrinkability , and 
transparency if necessary, by increasing slipperiness of the 
film composed of a polylactic acid. 

[Solving Means] This film is composed of an aliphatic 
polyester having a polylactic acid-based polymer as the main 
ingredient and blended with inorganic particles, and the 
film surface has an average roughness Ra of 0.01 < Ra ^ 0.08. 



- 1 - 



[Claims ] 

[Claim 1] A biaxially oriented aliphatic polyester-based 
film composed of an aliphatic polyester having a polylactic 
acid-based polymer as the main ingredient, wherein the film 
is blended with inorganic particles and the film surface has 
an average roughness Ra of 0.01 < Ra < 0.08. 

[Claim 2] The biaxially oriented aliphatic polyester-based 
film according to claim 1, wherein 0.01 to 120 parts by 
weight of inorganic particles having a mean particle size of 
0.1 to 5 (lm are blended with 100 parts by weight of the 
aliphatic polyester . 

[Claim 3] The biaxially oriented aliphatic polyester-based 
film according to claim 1 or 2 , wherein the film has a 10- 
point average roughness Rz of 2.0 or less. 

[Claim 4] The biaxially oriented aliphatic polyester-based 
film according to any one of claims 1 to 3 , wherein the film 
has a coefficient of static friction of 0.8 or less. 
[Claim 5] The biaxially oriented aliphatic polyester-based 
film according to any one of claims 1 to 4 , wherein the film 
has a plane-orientation degree Ap of at least 3.0 x 10~ 3 . 
[Claim 6] The biaxially oriented aliphatic polyester-based 
film according to any one of claims 1 to 5 , wherein the film 
has a shrinkage ratio of 10% or less at least in the 
lengthwise direction or the widthwise direction at 80°C. 
[Claim 7] The biaxially oriented aliphatic polyester-based 
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film according to any one of claims 1 to 6 , wherein the 
ratio between L-lactic acid and D-lactic acid composing the 
polylactic acid-based polymer is in the range of 100:0 to 
94:6 or in the range of 6:94 to 0:100. 

[Claim 8] A method for manufacturing a biaxially oriented 
aliphatic polyester-based film having a surface having an 
average roughness Ra of 0.01 < Ra < 0.08 by blending 0.01 to 
120 parts by weight of inorganic particles having a mean 
particle size of 0 . 1 to 5 Jim with 100 parts by weight of a 
polylactic acid-based polymer having L-lactic acid and D- 
lactic acid in a ratio of 100:0 to 94:6 or in a ratio of 
6:94 to 0:100; and drawing it in two axes directions. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to biaxially oriented aliphatic polyester-based 
films and methods for manufacturing the same. 

[0004] 

[Problems to be Solved by the Invention] In a case for 
manufacturing a film composed of a polylactic acid, when the 
slipperiness of the film is low, meandering of the film and 
occurrence of wrinkles are caused by continuously winding 
the film by a winder in a production process of the film or 
in a secondary fabrication process such as printing or 
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laminating . 

[0005] The object of the present invention is to provide an 
aliphatic polyester-based film having excellent slipperiness, 
suppressed from meandering of the film and occurrence of 
wrinkles, maintained in firmness, mechanical strength, low 
heat shrinkability , and transparency in necessary, by 
increasing slipperiness of the film composed of a polylactic 
acid . 

[0006] 

[Means for Solving the Problems] The present invention 
solved the aforementioned problems by using an aliphatic 
polyester having a polylactic acid-based polymer as the main 
ingredient and blended with inorganic particles and by 
adjusting the average roughness Ra of the film surface to 
0.01 <Ra< 0.08. 

[0007] Since the roughness of the resulting aliphatic 
polyester-based film is adjusted in a predetermined range, a 
film having a suitable slipperiness can be obtained. 
Therefore, meandering of the film and occurrence of wrinkles 
can be suppressed. 
[0008] 

[Embodiments] . The biaxially oriented aliphatic polyester- 
based film according to the present invention is made of an 
aliphatic polyester having a polylactic acid-based polymer 
as the main ingredient and blended with inorganic particles, 
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and the film surface has a predetermined average roughness 
Ra . 

[0009] The polylactic acid-based polymer refers to a 
polymer having an L- , D- , or DL-lactic acid unit as the main 
ingredient, and is a polymer of polylactic acid alone or a 
copolymer of L- , D- , or DL-lactic acid and hydroxycarboxylic 
acid, aliphatic (including alicyclic, the same hereinafter) 
dicarboxylic acid, and/or aliphatic diol including 50% or 
more of the polylactic acid component. 

[0010] The ratio between the L-lactic acid and the D-lactic 
acid in the polylactic acid-based polymer is preferably 
100:0 to 94:6 or 6:94 to 0:100 in order to obtain desirable 
surface roughness. When the ratio is less than 94:6 or more 
than 6:94, the crystallization is not sufficiently performed 
in heat treatment after drawing. Consequently, the heat 
shrinkage ratio of the film cannot be suppressed. 
Additionally, due to the occurrence of a reduction in 
orientation, the improvement in physical properties caused 
by the effect of the orientation cannot be obtained. The 
slipperiness of the film is improved by that the blended 
inorganic particles protrude and roughen the surface when 
the film is drawn as described below. However, in the 
polylactic acid-based polymer having low or no. 
crystallization, the protruding inorganic particles bury in 
the film again with the reduction of the film orientation in 
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the heat treatment process. Therefore, a film having 
excellent slipperiness cannot be obtained. In the present 
invention, it is very important to use the polylactic acid- 
based polymer having high crystallization in the above- 
mentioned range, as well as the blending of the inorganic 
particles in the oriented film manufacturing through a heat 
treatment process . 

[0027] The blending amount of the inorganic particles is 
preferably 0.01 to 120 parts by weight, more preferably 0.01. 
to 5 parts by weight to 100 parts by weight of the aliphatic 
polyester. When the amount is less than 0.01 parts by 
weight, the effect for causing slipperiness cannot be 
obtained. When the amount is higher than 120 parts by 
weight, in general, the drawing of the film cannot be 
performed, or defects such as holes occur even if the 
drawing can be performed. 

[0028] The mean particle size of the inorganic particles is 
preferably 0.1 to 5 Urn. The inorganic particle size can be 
measured by a sedimentation balance method, a coalter 
counter method, a light scattering method, or the like. 
[0029] With an increase in the mean particle size, the 
roughness of the film surface increases, the slipperiness is 
improved, and the coefficient of friction decreases. 
Additionally, these effects can be achieved with an increase 
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in the blending amount. However, since the smoothness of 
the surface decreases when the mean particle size is too 
large, missing print occurs during the printing on the film. 
Furthermore, in particles having high hardness, damages 
occur when film surfaces scrape with each other. 
Additionally, when the blending amount is significantly high 
compared to the amount of a resin component, the drawing of 
the film may not be performed. Even if the drawing can be 
performed, defects such as holes may occur. On the other 
hand, when the mean particle size is too small, the effect 
for causing slipperiness is too low. 

[0030] In a film which is required to be transparent, the 
blending amount should be decreased as much as possible. 
Additionally, when the particle size is large, a transparent 
film is hardly obtained even if the blending amount is small. 
As the definition of the transparency, haze can be used. 
The haze value can be determined in accordance with JIS 
K7105. The film preferably has a haze of 10% or less. When 
the haze is higher than 10%, sufficient transparency may not 
be obtained. 

[0031] When transparency is needed, it is important that 
the amount of the inorganic particles is about 0.5 parts by 
weight at the highest, though it depends on the type and 
particle size of the blended inorganic particles and the 
film thickness. When the haze of a film is higher than 10%, 
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the clearness is insufficient. 

[0032] Additionally, with these prescriptions, the film 
surface is roughened and slipperiness can be obtained. 
Specifically, the coefficient of friction of the film can be 
decreased . 

[0033] From the view point to prevent various physical 
properties of the film, such as mechanical strength, from 
significantly decreasing, it is preferable that the 
inorganic particles have a mean particle size of 0.1 to 4 [im 
and that the blending amount is 0.01 to 3 parts by weight. 
In addition, from the view point to obtain a film having 
particularly high transparency (specifically, a haze of 10% 
or less) and excellent slipperiness, a mean particle size of 
0.5 to 3 [im and a blending amount of 0.02 to 1 parts by 
weight are more preferable. 

[0034] The biaxially oriented film of the present invention 
can be prepared by the method as described below. An 
aliphatic polyester, such as a polylactic acid-based polymer, 
an aliphatic polyester, etc, and inorganic particles are fed 
into an extruder and then melt-mixed therein. The melted 
blend can be extruded through the nozzle to directly 
manufacture a film. In another method, the melted blend can 
be extruded in strands to manufacture pellets, and then the 
pellets are extruded with an extruder again to manufacture a 
film. 
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[0035] These mixtures may include a heat stabilizer, a 
light stabilizer, a light absorber, a plasticizer, an 
inorganic filler, a colorant, a pigment, and so on in order 
to control various physical properties. 

[0036] In the thus obtained film, the particles do not 
protrude to the film surface when the drawing magnification 
is low. Consequently, in order to improve the roughness of 
the film surface by protruding the particles, it is 
necessary to sufficiently orientate the film. Specifically, 
it is preferable to obtain an oriented film by drawing in 
two axes directions (referred to as "biaxially oriented 
polylactic acid-based film", hereinafter) . The indicator of 
the orientation at this time is plane orientation Ap , which 
is preferably 3.0 x 10" 3 or more. For the achievement of 
this, it is necessary to draw the film as much as 1.5-fold 
or more at least in one axis direction. 

[0037] In this biaxially drawn and oriented polylactic 
acid-based film, the film is drawn in the two axes 
directions and then is heated while fixing. Thus, a 
thermally fixed biaxially drawn and oriented polylactic 
acid-based film can be obtained. The film preferably has a 
shrinkage ratio of 10% or less at least in the lengthwise 
direction or the widthwise direction at 80 °C. When the 
shrinkage ratio is higher than 10%, the film relatively 
tends to thermally shrink; thus, problems tend to arise. 
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For example, as a use of these films, in a case that a film 
is bonded to paper, a metallic thin film, a plastic film, or 
the like by applying an adhesive to the film surface, the 
film shrinks due to the heat generated in the process, when 
the heat shrinkage ratio is high. Consequently, problems, 
e.g., defects in the appearance such as wrinkles and curl of 
the laminate body, tend to occur. 

[0038] It is preferable that the surface roughness Ra 
(center line average roughness) of the resulting biaxially 
oriented polylactic acid-based film is 0.01 < Ra < 0.08 and 
that, in this range, the Rz (10-point average roughness) is 
2.0 or less. With an increase in the Ra value, the surface 
of the film roughens and the slipperiness increases. 
However, when the Ra value is too high, the smoothness of 
the film deteriorates. As the indicator of the smoothness, 
Rz can be used. With an increase of this value in 
comparison with Ra , the irregularity (roughness) of the film 
becomes thinner and the equality decreases. The value 
closer to the Ra value indicates that the sizes of the 
irregularity are equalized. The Ra and Rz can be measured 
in accordance with JIS B 0601 . 

[0039] The coefficient of friction of the biaxially 
oriented polylactic acid-based film is preferably 0.8 or 
less, more preferably 0.5 or less, and further more 
preferably 0.3 or less, as a coefficient of static friction. 
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There are a coefficient of static friction and a coefficient 
of dynamic friction in the coefficient of friction. 
Generally, when the coefficient of static friction is low, 
the coefficient of dynamic friction is also low. 
Additionally, the value of the coefficient of static 
friction is higher than that of the coefficient of dynamic 
friction. The film is continuously produced and is 
typically formed into a roll. In this process, the surfaces 
of the film come into contact with each other. Therefore, 
when the coefficient of friction of the film is high, the 
film cannot slip and cannot be tightly and uniformly wound. 
Additionally, this problem similarly occurs during the 
processing of the film, for example, during printing, 
laminating, and bag making. Static electricity is generated 
depending on conditions, which significantly decreases the 
productivity. Consequently, it is preferable to satisfy the 
above-mentioned requirements when it is evaluated based on 
the coefficient of static friction. 

[0040] The more preferable aspect of the method for 
manufacturing a biaxially oriented polylactic acid-based 
film according to the present invention is as follows: 0.01 
to 120 parts by weight of inorganic particles having a mean 
particle size of 0 . 1 to 5 Jim are blended with 100 parts by 
weight of a polylactic acid-based polymer having L-lactic 
acid and D-lactic acid at a ratio of 100:0 to 94:6 or 6:94 
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to 0:100; and the resulting mixture is drawn in two axes 
directions. With this, a biaxially oriented polylactic 
acid-based film having a surface having an average roughness 
Ra of 0.01 < Ra < 0.08 can be manufactured. 

(4) Surface roughness 

The measurement was conducted in accordance with a method 
described in JIS B 060. The Ra (center line average 
roughness) and Rz (10-point average roughness) were 
determined by using a surface roughness measuring device 
(SE-3F) available from Kosaka Laboratories, Co., Ltd. The 
radius of tip of a probe of the measuring device was 2 |Wm, 
the load was 30 mg, the measuring length was 8 mm, and the 
cut-off value was 0.08 mm. 

[0043] (Example 1) A polylactic acid having a molecular 
weight of about 200000 and including an L-lactic acid 
component and a D-lactic acid component at a ratio of 95:5 
and 1 part by weight of particulate silicon dioxide (silica) 

(trade name: SYLYSIA 430) having a mean particle size of 
about 2.5 Urn, which is available from Fuji Silysia Chemical 
Ltd., were dried to sufficiently remove moisture, put into a 
co-rotating twin-screw extruder having a diameter of 40 mm, 
melt-mixed at a preset temperature of about 200°C, extruded 
in strands, and cut into pellets while cooling. The pellets 
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as a master batch were dried again, mixed by 10% with the 
above-mentioned polylactic acid which was also dried. The 
mixture was put into a co-rotating twin-screw extruder 
having a diameter of 40 mm, extruded into a sheet at a 
preset temperature of 210 °C, and quenched and solidified in 
a rotary cooling drum to obtain a substantially amorphous 
sheet. The obtained sheet was heated by use of an infrared 
heater while bringing the sheet into contact with a warm 
water circulating type roll, and was drawn between rolls 
having different peripheral speeds by 3.0 times in the 
longitudinal direction at 75°C. The longitudinally drawn 
sheet was guided into a tenter while gripping it with a clip, 
drawn by 3.0 times in the lateral direction relative to the 
film flow at 75°C, and heated for about 15 sec at 120°C. 
Thus, a film having a thickness of 40 jam was prepared. The 
film was wound by a winder. Then, the film was observed for 
the occurrence of wrinkles and was confirmed that the wound 
sample film could be obtained without any problem. Table 1 
shows evaluation results of the thus obtained films. 
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Table 1 





Example 


1 


2 


3 


4 


5 


6 


Polylactic 
acid 


Ratio of D-lactic acid 
component (%) 


5 


8 


5 


5 


5 


1 


Other 
aliphatic 
polyester 


Kind 


None 


None 


None 


None 


None 


PBS/A 


Blending ratio 












15 


Particle 


Particle component 


Particulate 
silica 


Particulate 
silica 


Calcium 
carbonate 


Particulate 
silica 


Particulate 
silica 


Particulate 
silica 


Mean particle size 


2.5 


2.5 


0.9 


2.5 


2.5 


2.5 


Blending ratio 


0.1 


0.1 


50 


0.05 


0.1 


0.1 


Lengthwise 
drawing 


Temperature (°C) 


75 


75 


75 


75 




70 \ 


Magnification 


3.0 


3.0 


3.0 


3.0 


1.0 


2.5 


Widthwise 
drawing 


Temperature (°C) 


75 


75 


75 


75 


75 


75 


Magnification 


3.0 


3.0 


3.0 


3.0 


2.1 


2.5 


Heat 
treatment 


Temperature (°C) 


120 


120 


120 


50 


120 


130 


Film thickness (jam) 


40 


40 


40 


40 


60 


40 


Plane-orientation degree (x 10- 3 ) 


10.6 


9.2 


Not 
detectable 


9.7 


3.3 


11.4 


Surface 
roughness 


Ra 


0.02 


0.02 


0.04 


0.03 


0.03 


0.02 


Rz 


0.27 


0.45 


1.17 


0.25 


0.98 


0.35 


Coefficient of static friction 


0.27 


0.68 


0.42 


0.25 


0.52 


0.35 


Heat 
shrinkage 

ratio 
80°C/5 min 


MD 


1 


5 


1 


21 


0 


2 


TD 


2 


4 


2 


42 


2 


3 


Haze (%) 


4 


3 


75 


4 


3 


6 


Total evaluation 


© 


A 


O 


O 


A 


O 
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Table 2 





Comparative Example 


1 


2 


3 


4 


5 


6 


Polylactic 
acid 


Ratio ot.D-lactic acid 
comoonent (%) 


5 


5 


5 


5 


5 


20 


Other 
aliphatic 
polyester 


Kind 


None 


None 


None 


None 


None 


None 


Blending ratio 














Particle 


Particle component 


Particulate 
silica 


Fine 
titanium 
dioxide 


Particulate 
silica 


Calcium 
carbonate 


Particulate 
silica 


Particulate 
silica 


Mean particle size 
(urn) 


6.0 


0.05 


2.5 


0.9 


2.5 


2.5 


Blending ratio 


0 1 


0 1 


0 005 


140 


0 1 


0.1 


Lengthwise 
drawing 


Temperature (°C) 


75 


75 


75 


Not 
drawable 


80 


75 


Magnification 


3.0 


3.0 


3.0 




1.1 


3.0 


Widthwise 
drawing 


Temperature (°C) 


75 


75 


75 




80 


75 


Magnification 


. 3.0 


3.0 


3.0 




1.5 


3.0 


Heat 
treatment 


Temperature (°C) 


120 


120 


120 




120 


100 


Film thickness (jim) 


Af\ 

4U 


4U 


4U 




/in 


AC\ 
4U 


Plane-orientation degree (x 10 3 ) 


10.3 


10.4 


10.1 




2.5 


5.2 


Surface 
roughness 


Ra 


0.09 


0.01 


0.01 




0.01 


0.01 


Rz 


2.10 


0.08 


0.09 




0.07 


0.06 


Coefficient of static friction 


0.85 


1.05 


0.98 




1.15 


0.95 


Heat 
shrinkage 

ratio 
80°C/5 min 


MD 


1 


1 


1 




1 


6 


TD 


2 


2 


2 




1 


10 


Haze (%) 


11 


1 


1 




1 


1 


Total evaluation 


X 


X 


X 


X 


X 


X 



[0055] 

[Advantages] According to the present invention, prescribed 
surface roughness can be obtained. Therefore, a biaxially 
oriented aliphatic polyester-based film has excellent 
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slipperiness and the meandering of the film and occurrence 
of wrinkles are suppressed. 

[0056] Additionally, since the biaxially oriented aliphatic 
polyester-based film has predetermined composition, the 
firmness, mechanical strength, and low heat shrinkability 
can be maintained. 
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K^©I&B£Sl> ? #;i'#>8!. X«Jin^©^*ife-^^iS 

#a»*tfe>ns. Sfc, Wiyt-;ptit^, x^ 
U>yij3-;V. ^^>->*^--;i/. s\*V>zS*-)l. 
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fc. ^^gt:2~i o ©7;u^i/>SXti->^ D7Mi/ 

[0 0 16] ££>tc ±§BB&Wfi|5}?'JxXxJHctt/>» 
M^tLT. (a) 3**BS£U:©;&)l'#>S. 7;P 
n-Jl'Xttfc Kn^r->*^#>K#fi. (b) IIWflfrK 

[0 0 17] ±IS (a) »M*5«©l5]±©fc 

tt. U>^St. 151. i7X>gf. hU/Uyhi. K 
a* U u/ hlfe'SWMy^x'J XU y h 'J 

-;i/^"p/^>#©#'etgttfi£7>* < abtf 5n-5. ens® 
it, r<fcTA i T, #<Jv-©ft^WttS. felMttS 

[0018] aifz, ±m (b) (c*3^t«, *iKsy 

[0 0 19] ±IB»J6«#'JxXT-;pf4, #'J*L»*» 
^©BiteSjtfUxxxJl'.kte. ?l«ftW©fc Kn*->* 

Sv 5 ^-— ;pj5»6&53i?ux^T';i'** t *tf sns. cic: 

[0020] ±tefltiSJi*'jxxx;pn«±f5 
©|w|^©^s^a-i■#^^^^^TfcJ:<. sfoawis 

[0 0 2 1] ±|B0!)JSJ»l)E*JP*>BfctlSI&*5?*-;i^ 



( 4 ) 

S 

[o o 2 2] ±U(Dmmm&^(om&w-m^m\t, 5 

75-2 5 75d«»*blrs. fig¥i95H L »#5 75«fc9'h$ 

lC^'J-H^5«ti£O^F*^*±i;$-&*. Sfc. 2 5 

©S^ttWfST^, #'JH»t|BI«fr7^;i/AC-r5t 
€ ©# fcBfiJc^tt©teT e m < . 
[0 0 2 3] B«f*tt03ScA«ft*. B*tt©jA*» 

6, ffi«flfJ*#l4. (Tg) A50t«Tl* 10 

[0 0 2 4] LTtt, 09Atf# 

x?i^>^*>v ? ^;p^^->u— K #u 7?u>-t}-7 

[0 0 2 5] *5S^fc*lriTtt. ±C<&»|gfiK»ttfe 
tc, X«ffi»Ilfig»(c«^.T, # 'J 

K««-i©ynyd7*a^#; (■*©— »xXr-;W*ifc£ 20 

ttfl&»BJ*»© V>fft*-» £S0 j£S^# tit 
-5. Hfctt. ^»*MIL&fl&ttl&J«$*©GF 

#U?lg£^S£ft£IfgT3^£|II«KS££fi : 3;: 30. 
d©P#. 5^?H©S^^jtfT-r«.<i:f3lPf 

[0 0 2 6] iffiSS^fe^ itt. fcWfcR©*^*^ 

a, ^;p7, -K{k?^>, **u>. 40 
tfen. #£L<tt, ->'u#4P©-H6ft;ir--f *. ^k*> 

**U 5ft. &\ztt£L<\t* ->U*«Sf©— » 

[0 0 2 7] iEBIfilllfUi^f/H 0 Oltf i:M 
L, as«*&?©E£«fttt.. 0. 01-120IM 
7i*J?£b<. 0. 0 l~5«fi8&#J;9$?3;LV». 0. 
0 ia*«J:0^V»t»tt*#A**4*A*ai*:^. S 50 
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[ 0 0 2 8] MStitt7 0 . l-5(im^ 

[0 0 2 9] JtlB¥i$ttT«tt. ^^^tat*7^^A© 

ss«©?i5^^ffina ; fT«7^^ABra±Tc:-rn*^fc 

T^C^Vs^lt 7^;PA©M#* i T^^£ViS-&^ 

[0 0 3 0] aStt*«£.S!S:7^Ml:6V>Ta 
«fcE#ffi»£«&L.Tii<&Ra***. E^SB 

£5. dtltt, J I S K7 1 0 5T8!ltt5uiA«T 
:<DA- X«. 1 0 %KT© t>©A 5 $f Sbli. ^\ 

i o«*SA5tt»saiWf e.n^v>s-& 

[0 0 3 1] Sfc. 89§tt£»fcV>2:*tt. E£T5*1 

*<tt>0. 5gSS«K:-rSCt*«aBt?»*. 7-YJV 
icD'S-X^lO^^Si. 7 U7JSlC*«-£. 

[0 0 3 2] c:ns©M*fc«to 7-r^AOSe 

[0 0 3 3] 7^;PA©*«!fi«*©««tt**U<fi 

te. ?^S?iO. l~4(im, E-&SIM&«0. 0 1- 
3HStt5(0i)!»Sl/<. «ClflttO*V» 
7^;^ (Jlttttfctt's— Xtf 1 0 XHT) *> 

o»i±©ffinfc7-f ^A^watn-ss^s. 

?1K0. 5~3^m. BB^SPftttO. 0 2 - 1 
© *E ffl t" -5 © & i 0 Sf * L V >. 

[0 0 3 4] d©^H^lr^*^ 2ttSSj6]jJ*'J ?LS 7 -Y 
Att. TE©^teT^jgTSCi^T#-5.. iK©* 1 ; 
fLK^m^^4»Sg)Wi^# U x7^Jl^£^tfIiK«# U 

«tT7w ;uA*«isr*j:t*«t , #*. ^fftt». » 
^['^^^■^^©fST^^t^ttn^^i^^^. ^ 
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'Jxx-r;i/£*#l::£;t£L. 7K#£|&5feLfc&. #tB« 
Tf»HT*. #U L-?LK*i&i:D- 
Rftiifiroa^Jticio XSJ jftAt*ftf * £ fc*. S&K 

siif mum&miR-tz. mmziti 00-25 o*c®s 

[0 0 3 5] HtlSOfi^ttCW:. f£$S5l4£ff^T£g 

wt. ^g^^J. xsmm. 3t®jR«i. pfm^j, ««3t 

[0 0 3 6] ^Oi5CLTf 5.^:7^^(1 M# 10 
tomtits tyj ^ASS±l:eW?|gLfi:H. n © 

tft. e^£5?ig2-&x, 7-<;i/A(o^soa$5'iS]± 

2ifcSS2#-f SdtlC^D. E 

Aj ) Cl©i:gOElR]©fg 

S«. IE(6IAPT3. OXlO-'StljJtiH. dtlS: 
j§5£TSK^>&<£^lfl&7JrS]t;:i. 5teUA±iI#£ 

[0 0 3 7] 2ttffi#Sl^I#U¥LBfe3R7-<;^tt. 20 
2tt*f6]tr@#L, #C^T, 'Bj£bfe*«S«M&3SfT 

ifc-7j©8 ox:rfiDiRif**» i oxstft* 

Sit-in. d©iR8l**U 0 «SI^.5t, ffi 

n67>fAAOi^tLt. !7.< JPA^®±lc&SfS!l£ 
^*LXifg^£«?3M. Hkm-frXf-y.f?* )l&*t 

h«>wb no ■*»■*-<&*. 

[0 0 3 8] #f>nfc2ttE(S]#U¥LKJS7^;i/A©a 
Il^fRa (^ki&sp^fiS) It 0. OKRaS 
0. 0 8TS5Ci*WSt<. £ *>\ZZ<Dl&ffl\Z&^ 
XteRz (+jfiC¥J%aS) 36*2. 0£(TT*5ii*Si. 
0$?£LV>„ R a d*^: # tri S i* 7 -r A < , 

Rz^fflHS^tASTti. R a Kit LX d ©SScM #;*C 40 

H4**fc<. RaO»«[tifi^<»i:BniDiO***t)i% 
-T*5utSSt. R a-^R z ©jpjjjgtt, J IS B 

0601 tc^oxad^-r^diTStT^-s. 

[0 0 3 9] 2WEl*]#Uft»#7w;PA©©l**|ftR 
tt, MMfiSRTO. 8£4T««J;<. 0. 5ETFa»#* 
L<, 0. 3£*T*<«fc0# $Ui. feftftftctt. Ifr* 
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££it\ £Stt£*L<i£T£l*-*;: tfefe*. d©;t 
ft. »*»«ftTfffi6T*£:. ±EOBfr*SSfc"ro*J 

[0 0 4 0] H03fiKt*»A»S2|ftElRl3PU*LBt7-f;U 
AMiSSraiD^f ^UUMIi Tf2©iiDX&&. f 
ftfc>-5, L-¥L&<fcD-?LgCDtiJ£j5U 0 0 : 0~9 
4 : 6 £>®KF*3t>L< 6 : 9 4~0 : 1 0 0 cD^Hft 
-C*3#U«J**B£#1 0 0S»SE(c*fU 
g#0. l(im-5jim(DlKfef^0. 0 1-12 
OBSSEE&L. 2$lfift\zmW? : bZ\Li?&2>. dtl 
iCfcfl, ^S©¥^a*Ra*t0. OKRaSO. 0 

8 T?*a 2 «E[pj# g ?Li7<f ;ua £§3ig-r s d t #x 

[0 0 4 1] 

[£1&0U «T, *£BS*iS«lfc.fcOS&fci¥*Bfc:K 
fc*5. *«E»«-®*!S£«Afc:^IHD. £TF 

[0 0 4 2] &43. **WK4sJ7-**a©*bttRatWtt- 

(1) fl^fifl 

(2) 7^;i/AP«- 

(3) IIlRlS 
Ty^HfftKcj;oTit3?3fi7j(S]©JafT^ (a. /3, 
r) SMSb, ^TSffibt. 

AP= { (r + <3) /2} -a (a</3<r) 

r : 7w-;i/A®rtftS^:®iff^ 

<3 : *rtl\Z\S.3£TZ>y<f Jt-AEp^flcaJStfr^ 

a : 7>r;i/AP^7j[^C0BfT* 

&*3. ^fC^-TffifS. 0. 0 0 10 0 

OfgLfcffiTfc*. 

(4) SSffi^ 

SlStt, J I S B 0 6 0 \Zft,m2.tl2>Jsm\Z&-3^ 
Xffofc. <«0 /h«W3fcj3f8S®fi3W£» (SE- 
3F) fcJBH. Ra (t-ti^tS) iRz 

£#ftfc 0 jPJJ«§§OM#f$fe«#g«2 Mm. ffif 
StS3 OmgtU «JtfiStt8mm. tly b*7m\Z 
0 . 0 8 mmt bfe„ 

(5) #^^R 

J I S K 7 12 5fCS£lV 7WJl^ACD###I«:#St 
L. g^Tjl^] (MD) t-ptiXSDeLfe. 7-<;UA©S 



( 6 ) 

9 

Rtf«S-tft-Pft3lHl. 6 13 HSU ^<D¥-i$m&£ 
■otz. 

(6) mwm* 

y j )i>i*v>7)V&&ttfa (md) . -toilff^ift 

(TD) i:ttlfni4 0mm (til Omm) tC^Dfii 
U •^tDf^lCl 0 0mmr=1»^$-An, 8 OTCOStK 

S) ) / wmww^m x 1 o o 10 

(7) -v-X 

J I S K 7 1 0 SKLfctf-zTMlZlstz. 

(8) ^^iftf 
±SE<Dg-W4ft*8£b. TfB<DS*PTi¥fl5bfc. 

O : A» 

A : ^-^ffT, SSiLT«ffltf5 
x : KStbTtefflT^ftl-v. 

[oo43] (mmwi) L-as^iD-ts^ 20 

t. ¥i%a^U2. 5 wmOS±->U ->7Yk^ (ft) IS 
tfctt=*<t$--f* (v'JA) (^p°p« : +M U->T4 3 

o) i«*«*-tn-enftjiftbTH-«-t*^*i»*bfc 

». <J> 4 Omm|WI^Io)-ffliftB«t-SALT. S200 
'ClCg^L.Ti^iig'&b, 7. KKbTjfffib. 5$ 

7?-A-7ftl, B***l,T. rai;<tt*Lfc±K 
tf'JSJSC 1 0 %g-&b. O4 0mm^rttjfHJi 
l:SAL^fiS2 1 OtT, ->-. htticif ffib, @i5 30 

K-C^lt|lC7 5tt3. Of, 'A^T-Z.<Dffl.&ft'>- 

ffincDIiil^lS]!- 7 5-CT3. 0f&Cffi#Lfc«. 12 
■ 0"CT#31 5g>|JMMBJSU 4 0 Mmf*C7-f ;UAft 

t * co 7 ;j/ A © b to co IS £ Hr-^? ft mm b fz t Z. % . 
#(cFnl^7i< n-;i/tt-y->7 p ;i'ft#-5 d ttfx-&it. z, 40 
(D'&zntzyj JUAcowfa&g:*^. i tc^T. 

[0 0 4 4] <$jg0!l2) L-?L@£;&#<t:D-?LI£f&# 
t©W#d«9 2 : 8t$>5»fi^l 8 7J<Z>^U¥Lg?ft 
ttJBL&Wtttt, £E!«K:bTJP*4 0 Mm© 

T'^Aftf^Sbfc. ;UAO#»0A^»4. *^b 
to #A 3 Sp^tlTMfflTtt. C1CD# 

Sftfc^^i/AOSflB&lftft^ l (w^T. 

[0 0 4 5] (*ig«SJ3)- L -fL&f£#<i:D 
tcofij-^dtg 5 : 5T*?«»fl»2 0 7j CO # 'J ?LK 
£. ¥^SS*tj0. 9^m©BMftIi (ft) HiS 50 
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(SS*:NS# 2 5 0 0) 5 0lI8S't 
ft*n*£«bT+#fc*a-£lfc£b;fc». 1>4 0mmis] 
7j(6]-fAJfti5tilcSALT. &2 1 0 "C KIS^ bTi&Bi 
fi£U 7 KirbTflP tBb. »3JLa*»6^Uy 

Z.<D1\sy hftffgi&glbT. <J>4 
Om.mRI*lRl-ttifffi«KlS:ALia:3efl*2 1 OtT, 

1 <h|5)^tcLT4 0 MmC0jp*-C0-_|ftSH|6j7 

e.dot^o7^;i'A©btoco5s^A^ftR^Lfct 
#icpgjgft< a— ji/^^^ft^sditfT^- 
fcat. ^^^Bjttfr^itfc. dCDf#^nfc7w;i/Aoi? 

MSSilCit. 
[0 0 4 6] (HiS0iJ4, 5) fi[^OE-&fflft*3Sl t 

&<D-mmfa7 ■< jvAZitu^rz. tztzv. mmM^-r- 
aisaiiB* * *7xfi»iasaT© 5 oicfcRftb 
t. ^Ki^@^$n^v^-ttiEi^7^;i/Ai&f^i!fbfe. 

£J6«5TH«ffi#£li-1\ Mii:7j(S]lC2. 5fi 
ffi#b)fcJ5t#-6 0 MmCD-ttSHl&I7'^;PAft{fSbfc. 
7-r>^-TC0##^0lwi3^T^^J4T«, &$? 
IC, ^SS^J5TH^Lto^A-5i^(pl(C*ofc^. »A 

tLT\t&m-r:grz. z.<D%t>ntz7 j ;PA©ffflE*s* 

[0 0 4 7] 6 ) : L tD--SLB6ia» 

tO«t««9 9 : lT»*» : f*»2 2 7JOsPU?L*tw 

(ft) &, fp D D « : h'^-y — U# 3003) 5:15 35. 
S6lc¥l%tta»2. 5 MmOS±->U ->7flS* (ft) 
S&tt^Rfcfr-f* (->U#) (SS« : +K U->7 4 

30) o. laagBft-t-n-en^LT+^irzK^fti^ 

Sbfc«. $4 0mm|^7j[nl-IA}f til«fCgAL-T. & 
2 1 0TC'KR*LT*B«*U X h?> KICbTJf ffi 
b. *Slb7S*ie.^Uiy httt^y hbfe. dCD^Uu/ 
h£ff«ft«bT. <D4 0mm|WI7jfS]-tt?fm«tCgA 

bK^S2io , CT, i 

0 /xmWJP^O-^ElPl^W^Aftf^Sbfe. ^«co^ 
%<D7j)lA<DLt><D%$im : 'g;m*mmLfztZ.?>. # 

[0 0 4 8] E^-raffitf— ftflsfr-f* 

(•>U*) OTJ%ttSS6. 0|/m (S±^'J->T{b^ 

(ft) Si, i§j.S£ :*-f'Ji'77 7 0) 
*iE0iJ 1 tIH^tCbT4 0tfmI*B-iEl6]7-fM 
ft{fMbfc. 7^;UAt47'f >^'-(CT#^^e»to, d 
C9 1 € CO y 4 )V A CO b to CDfg i^-^^ ft &g b Ac i Z. 

5. btoo»^*««*T. 7-f;iAO¥ffltti:*tt. a 
fitbTtt?F+»T*SiW»fSn*. fF«^^ft*2 
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[0 0 4 9] (J±*fc092) IB^T5fcr?£¥^*£S0. 
0 5ym^&-&{b?^> (S±5^>Ii! (ft) 
BS«:TAF-110) ^^c^li^Jli:^ 

-r. 

[0 0 5 0] (itmM3) ¥-i%n%2. 5MmOfi«r 

^fc-wst (->u*) ®E^i£o. oosaagBt io 

[0 0 5 1] dtKC«J4) ¥l%feig^O. 9mitiCDB3!C 
f&{fcl* (ft) SrIAJI'X^A (iftift*-: NS#2 5 
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0 0) ©E£»8* 1 4 0a»«SfcUfc£t^tt*JfiW3 
tra«CLTi:|ftEi6l7-f;i/AS8jfibJ:5iLfc. L 

fc. 

[0 0 5 2] (Jt«W5, 6) i±iR#!5Ttt. 
L-*L»i««-iD-»L»*»tO«^*»**J:-e-8 0 : 

[0 0 5 3] 

tan 
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(so int. ci. 7 mzm^ 
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4F210 AA24 AB17 AE01 AG01 QA02 
QA03 QC06 QG01 QG18 QW06 
4J002 CF191 DE136 DE146 DE236 
DJ016 DJ036 DJ046 FD016 
GG02 



